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Abstract 
For Design Science Research (DSR) to gain wide credence as a research paradigm in Information 
Systems (IS), it must contribute to theory. “Theory cannot be improved until we improve the theorizing 
process, and we cannot improve the theorizing process until we describe it more explicitly, operate it 
more self-consciously, and decouple it from validation more deliberately” (Weick 1989, p. 516). With 
the aim of improved design science theorizing, we propose a DSR abstraction-layers framework that 
integrates, interlates, and harmonizes key methodological notions, primary of which are: 1) the 
Design Science (DS), Design Research (DR), and Routine Design (RD) distinction (Winter 2008); 2) 
Multi Grounding in IS Design Theory (ISDT) (Goldkuhl & Lind 2010); 3) the Idealized Model for 
Theory Development (IM4TD) (Fischer & Gregor 2011); and 4) the DSR Theorizing Framework (Lee 
et al. 2011). 
Though theorizing, or the abstraction process, has been the subject of healthy discussion in DSR, 
important questions remain. With most attention to date having focused on theorizing for Design 
Research (DR), a key stimulus of the layered view was the realization that Design Science (DS) 
produces abstract knowledge at a higher level of generality. The resultant framework includes four 
abstraction layers: (i) Design Research (DR) 1
st
 Abstract Layer, (ii) Design Science (DS) 2
nd
 Abstract 
Layer, (iii) DSR Incubation 3
rd
  Layer, and (iv) Routine Design 4
th
 Layer. Differentiating and inter-
relating these layers will aid DSR researchers to discover, position, and amplify their DSR 
contributions. Additionally, consideration of the four layers can trigger creative perspectives that 
suggest unplanned outputs. The first abstraction layer, including its alternative patterns of activity, is 
well recognized in the literature. The other layers, however, are less well recognized; and the 
integrated representation of layers is novel. 
Keywords: Design Science Research Abstraction, Design Science Research, Design Theorizing, 
Abstraction Layers, Design Science, Design Research. 
1 INTRODUCTION 
There has been growing interest in Design Science Research (DSR) in Information System (IS). DSR 
has become an accepted methodology for research in IS (Iivari 2007; Kuechler & Vaishnavi 2008a) 
and its importance is well established (Gregor 2002; Gregor & Jones 2007; Hevner et al. 2004; Iivari 
2007; Peffers et al. 2007; Vaishnavi & Kuechler 2004). DSR can be seen as a third major form of 
science, artificial science, in addition to the natural and human sciences (Gregor 2009). 
The word design comes “from the Latin désigńare, which means to point the way” (Purao, 2002, p. 4). 
Design is “the core of all professional training; it is the principal mark that distinguishes the 
professions from the sciences” (Simon, 1981, p. 111); design “attempts to create things that serve 
human purposes” that entails "devising artifacts to attain goals" (Simon 1996, p. 55).The design is a 
search activity that aims to find the best solution to important unsolved problems (Hevner et al., 2004). 
DSR “creates and evaluates IT artifacts intended to solve identified organizational problems” (Hevner 
et al. 2004, p. 77); it creates options that are filtered and excluded until the design’s requirements are 
fulfilled Hevner (2007). Design activity describes an artifact‘s organisation and functions (Simon, 
1996), and design is "[t]he use of scientific principles, technical information and imagination in the 
definition of a structure, machine or system to perform pre-specified functions with the maximum 
economy and efficiency" (Fielden, 1975 cited in Walls et al., 1992, pp. 36-37). Iivari and Venable 
(2009) define DSR as “a research activity that invents or builds new, innovative artifacts for solving 
problems or achieving improvements, i.e. DSR creates new means for achieving some general 
(unsituated) goal, as its major research contributions. Such new and innovative artifacts create new 
reality, rather than explaining existing reality or helping to make sense of it [existing reality]” (p. 4).  
The scope of the IS research discipline has widened significantly over time and now seeks 
understanding of diverse phenomena in all three forms of science. This paper, however, proceeds from 
the view that IS as a discipline is centrally concerned with the process of design (Purao 2002; Venable 
2006; Walls et al. 1992) and that design is at its core. As Benbasat and Zmud (2003) propose, the 
focus of the IS discipline “should be on how to best design IT artifacts and IS systems to increase their 
usefulness” (pp. 191-192). DSR is an important method because IS is an applied discipline and should 
guide professionals in the real world to construct useful artifacts to solve problems (Gregor 2002; 
Peffers et al. 2007). 
Efforts in DSR methodology have various foci and can be distinguished into; Design Science (DS), 
and Design Research (DR) (Kuechler & Vaishnavi 2008a; Peffers et al. 2007; Purao & Storey 2008; 
Winter 2008). The first – DR - results in a product (output), where researchers use and follow DSR to 
resolve an unsolved problem or invent something new. The second – DS - is methodological, where 
researchers study DSR itself, offering guidance on: its best practice as a research methodology, 
alternative types of outputs from DSR - including Information System Design Theory (ISDT), and the 
theorizing process in DSR. DR and DS interact, as described in subsequent sections. 
To gain wide credence as a research paradigm in IS, DSR must contribute to theory which is part of 
DS efforts. With the aim of facilitating design theory, researchers, e.g. Lee et al. (2011), and Fischer 
and Gregor (2011), call for increased attention to theorising - the process of creating theories in DSR – 
and have suggested valuable concepts intended to aid in DSR theorising.  
Though theorising, or the abstraction process, has been the subject of healthy discussion in DS, 
important questions remain. Theoretical development in DSR is yet at an early stage (Kuechler & 
Vaishnavi 2008a; Venable 2009). Furthermore, most attention to this area has focused on the 
sturucture of design theory such as (Baskerville & Pries-Heje 2010; Gregor & Jones 2007; Venable 
2006; Walls et al. 1992), and theorizing process for DR – where the emphasis is on how a specific 
designed output can be abstracted in the form of ISDT which should be generalised to other contexts; 
and how this ISDT (abstracted design) can be situated and implemented in many yet similar contexts 
such as (Goldkuhl & Lind 2010; Lee et al. 2011). 
The aim of this manuscript is to interrelate, integrate, and harmonize several key theorizing notions in 
DSR and propose a common abstraction-layers framework. This framework will contribute and help 
researcher who conduct DSR to identify the position their work and contributions on DSR areas. 
Through the lens of this framework, researchers can crystallize their DSR contributions from different 
perspectives which maximize some hidden valuable contribution as researchers may mainly focus on 
just artifact development. The framework also defines four areas for conducting DSR. Therefore this 
paper is seen as an attempt to contribute to DSR theorizing area; more specifically add to DS area. 
The paper proceeds as follows. In the next section, foundational concepts of the four DSR abstraction 
layers are explained. This is followed by a description of the four abstraction layers. Subsequently, we 
demonstrate the usefulness of the four layers through a DSR case. The paper concludes with a 
discussion of implications of these layers in DSR. 
2 THE FOUNDATIONAL CONCEPTS 
The four proposed DSR abstraction layers are, respectively, based in four foundational concepts: 1) 
the distinction between Design Science (DS), Design Research (DR), and Routine Design (RD) 
(Winter 2008); 2) Multi Grounding in IS Design Theory (ISDT) and the distinction between 
Situational Knowledge and Abstract Knowledge (Goldkuhl & Lind 2010); 3) the Idealized Model for 
Theory Development (IM4TD) (Fischer & Gregor 2011); and 4) the DSR Theorizing Framework (Lee 
et al. 2011). We use these four concepts to develop the framework both within and between the four 
layers. Since all these four concepts are valuable and complement each other, we believe integrating 
and interrelating them will produce comprehensive framework for DSR abstraction layers which 
extends the state of art. Following is discussed each of these four foundational concepts. 
2.1 Design Science, Design Research, and Routine Design 
DSR can be viewed as distinguishing between of two types of design research―Design Science (DS) 
and Design Research (DR). This distinction has analogues in other disciplines such architecture and 
industrial design (Cross 2001, 2006). Winter (2008) differentiates the two in this way: 
[W]e prefer the designations ‘(IS) design science’ vs. ‘(IS) design research’. While design 
research is aimed at creating solutions to specific classes of relevant problems by using a 
rigorous construction and evaluation process, design science reflects the design research 
process and aims at creating standards for its rigour … [IS design science is a] reflection and 
guidance of artefact construction and evaluation processes … [IS design research is a] 
construction and evaluation of specific artefacts (pp. 471-472). 
Similarly, Kuechler and Vaishnavi (2008a) propose that DSR in the IS field can involve research with 
design as a topic of investigation (equivalent to DS) or method of investigation (equivalent to DR). 
DR entails the application of DS. 
Another important differentiation is Routine Design (RD). The key distinction between DSR (DS or 
DR) and RD is that DSR results in the production of new knowledge. RD typically solves problems 
using current knowledge, the state of practice, and available techniques and components to produce a 
product without creating any novel knowledge. DSR, on the other hand, produces new knowledge that 
yields value from a number of unknowns in the proposed design which were successfully overcome 
(Vaishnavi & Kuechler 2004).  
Purao (2002) believes that DSR produces an invention or extension that was not known before, rather 
than replicating previous efforts. Similarly, Venable (2006) believes that DSR is “Technology 
Invention” while RD (which he calls “design practice”) is “Technology Application”. In the view of 
Hevner et al. (2004), DSR is concerned with solving an important, unaddressed problem in a new or 
more successful and useful way, while RD solves the problem using the current knowledge base. 
Thus, DSR contributes to the knowledge base while RD simply uses it.  
DSR innovates artifacts or addresses a class of problems for a class of organisations and stakeholders. 
RD, by contrast, is concerned with a particular problem for specific organisations and stakeholders 
(Venable 2006). The former is located in the research domain and the latter in the professional 
domain. Van Aken (2004) makes a similar distinction from a management perspective. He 
differentiates between the application of scientific knowledge (RD) to a particular problem 
(professional domain) and the development of scientific knowledge (DSR) to solve a class of problems 
(academic domain). Table 1 summarizes the main points of comparison. 
 
Design Science Research (DS&DR) Routine Design (RD) 
General solution Specific solution 
Produces new knowledge (novelty) Uses existing knowledge 
Unknowns in the planned design Design is known (replication) 
Contributes to the knowledge base (development of scientific 
knowledge) 
Does not contribute to the knowledge base 
(application of scientific knowledge) 
Solves  important, unaddressed problems in a new and effective 
way 
Solves problems using existing knowledge 
Technology Invention Technology Application 
Addresses a class of problems for a class of organisations and 
stakeholders 
Addresses a particular problem for a 
specific organisation and stakeholders 
Solves a type of problem Solves one case only 
Table 1.  Comparison between DSR ((DS&DR)) and Routine Design (RD) 
The distinction between the three types mention above is important because it helps DSR researchers 
to delineate different levels of contributions when they abstract their discovered knowledge. Thus, 
DSR researchers can differentiate between design knowledge of developing an artifact, how to 
conduct DSR effectively (contribution to the knowledge base), and the application of the design 
knowledge (contribution to practice). This is accomplished in the rigor cycle (Hevner 2007), in which 
researchers can draw on the archived knowledge base to establish whether their work is DSR or RD. 
In concluding this section, it is noted that although the DS output produces abstract knowledge such as 
how to conduct DSR, this knowledge is at a higher level of generality than normal abstract design 
knowledge in DR where ISDT is produced. This important point will be returned to in later discussion. 
2.2 DSR Multi Grounding 
Goldkuhl and Lind (2010) have investigated design knowledge in DSR. They introduce the notions of 
abstract knowledge vs situational knowledge and use these notions to clarify DSR results and 
activities. They propose that “abstract knowledge is generalized knowledge where specific situational 
properties are disregarded (abstracted away from) [and is] a basis for use in different (practical) 
situations” (p. 49). In other words, abstract knowledge is type-knowledge and situational knowledge is 
specific knowledge for particular contexts. There is a relationship (knowledge flow) between the two 
knowledge types. The abstract is the generalized type that is extracted from what is situated, while the 
abstract knowledge may be adapted or modified to be applicable in different contexts – made specific. 
DSR produces and uses both abstract design knowledge (scientific contribution) and situational design 
knowledge. Without these, there is only routine design. Thus, as shown in Figure 1, DSR comprises 
two activity layers: 
 Design Practice: This produces situational design knowledge including artifacts; and  
 Meta-Design Practice: This generates abstract design knowledge.  
 
Meta-design integrates with design practice in three ways:  
 A preparatory activity before situational design is 
commenced; 
 A continual activity partially integrated with the design 
practice;  
 A concluding theoretical activity to produce the abstract 
knowledge.  
Goldkuhl (2004) has proposed a multi-grounding model for 
IS design theory (ISDT) in which such design knowledge is 
justified in three ways: empirical grounding, theoretical 
grounding and internal grounding. This model was 
subsequently extended by Goldkuhl and Lind (2010), as 
shown in Figure 2, who apply the grounding concepts to 
both abstract and situational design knowledge. 
 
Figure 2.     Extension of DSR grounding reasoning for both abstract and situational 
design knowledge (Goldkuhl & Lind 2010). 
Key points that follow from Figure 2 are: 
 There are two levels―theoretical (meta-design) and situational (design practice). 
 Abstract and situational design knowledge emerge during the course of DSR; they alternately 
inform and influence each other. 
 While abstract design knowledge is empirically grounded in situational design knowledge, 
situational design knowledge is theoretically grounded in abstract design knowledge. 
 At the theoretical level, there are ISDT, constructs, methods and generic models; this level also 
includes values and (design) principles. 
 At the situational level, situational design knowledge is produced by design actions/activities. 
 
Figure 1.   The Two (meta-design 
practice and design 
practice) DSR activity 
layers (Goldkuhl & Lind 
2010). 
 The situational design knowledge is theoretically based in the abstract design knowledge.  
 The situational design is evaluated against anticipated and observed use effects, which constitutes 
practical-empirical grounding. 
 Since the IS artifact is built on different types of a priori models, there must be coherence among 
them; this constitutes internal grounding. 
2.3 The Idealized Model for Theory Development 
The Idealized Model for Theory Development (IM4TD), proposed by Fischer and Gregor (2011), 
suggests how scientific knowledge is created in DSR. This model is a high-level process model of how 
theory (i.e. abstract knowledge) is developed across the contexts of discovery and justification. It 
examines the role of different forms of reasoning in these contexts.  
The IM4TD makes a fundamental distinction between the context of discovery (identifying and 
capturing novelty) and the context of justification (validation as a scientific method) (see (Hoyningen-
Huene 1987; Reichenbach 1938)). The IM4TD identifies three forms of reasoning―deduction, 
induction and abduction―that are used in both contexts.  
Deductive reasoning derives a conclusion by generalizing existing theory to specific instances (Lee et 
al. 2011; Sun & Pan 2011). Falsification is the main mechanism of deductive reasoning. This means 
that a “theory can only be shown to be wrong, but never be proven to be right” (Lee et al. 2011, p. 3). 
As Fischer and Gregor (2011) put it, deductive reasoning refers to the process whereby a specific 
conclusion can be logically deduced from one or more general theories or principles. They note that 
deductive reasoning is always “firm”―meaning that, if the theory is true, a logically deduced 
conclusion is necessarily true. 
By contrast, inductive reasoning involves formulation of a general proposition on the basis of a 
particular proposition. In other words, researchers make their observations based on sample instances 
of the population and generalize these observations to all entities of that population (Fischer & Gregor 
2011). This form of reasoning develops general conclusions from particular cases; it builds theories 
from specific instances (Lee et al. 2011). Schilpp ((1974), cited in (Sun & Pan 2011)) defines 
 
Figure 3.      The IM4TD showing DSR activities/processes that contribute to 
theory development; adapted from Fischer and Gregor (2011, p. 
22). 
induction as “inference from repeatedly observed instances to as yet unobserved instances” (p. 211). 
Abductive reasoning is commonly referred to as inference to the best explanation (Aliseda, 2006; 
Peirce, 1931-1958). Abductive reasoning investigates observations, thereafter building theories to 
explain them (Sun & Pan 2011). Abduction is a creative process and plays a vital role in introducing 
new ideas or hypotheses (Fischer & Gregor 2011; Sun & Pan 2011). It is prominent in the first step of 
scientific reasoning (Fischer & Gregor 2011). 
Figure 3 depicts the IM4TD, including the DSR activities and processes that contribute to scientific 
theory development. As can be seen, the IM4TD distinguishes between the two contexts of knowledge 
advancement―discovery and justification. The three forms of reasoning can be used in each context. 
Each context has unique steps within the IM4TD. The model considers empirical testing of ideas as a 
part of scientific activity. 
The model starts with an observation of novelty or an anomaly. This so-called step zero is considered 
preparatory for DSR research― the spark of a research idea. Step 1 mainly involves abductive 
reasoning, but could also involve deductive and inductive reasoning. In this step, conjectures about 
novelty or anomaly are developed. In Step 2a, hypotheses are deduced (using deductive reasoning) 
from existing theories (known knowledge) or newly postulated theories. Then, in Step 2b, these 
hypotheses are validated empirically (mainly using inductive reasoning) by observing instances or 
building instances as proofs of concept. While the first step relates mainly to the context of discovery, 
Steps 2a and 2b describe the context of justification. Notably, abduction, deduction or induction can be 
employed in both the context of discovery and the context of justification. Fischer et al. believe that a 
sole focus on deductive reasoning will not produce really new things; abduction and then induction 
can produce more new ideas (2012). 
2.4 DSR Theorizing Framework 
Lee et al. (2011) propose a design theorizing framework as shown in Figure 4. The goal of this 
framework is to identify the fundamental activities in the design theorizing process. It is based on the 
assumption that design theorizing functions in two domains―abstract and instance. In the abstract 
domain, researchers seek an abstract solution for an abstract problem. This domain is interested in the 
classes of goals, problems, and artifacts. The instance domain, on other hand, is interested in 
particulars and in implementing a solution for a specific problem in specific context or environment. 
Both domains adopt their own forms of reasoning. Moving from the abstract domain to the instance 
domain means that the abstract design is instantiated in real life, while moving from the instance 
domain to the abstract domain means extracting key generalizations from a specific instance. 
 
Figure 4.     Design theorizing framework (Lee et al. 2011). 
As shown in Figure 4, the design theorizing framework involves four activities: 
 Abstraction: Here the main consideration is to achieve generality in the design, which indicates the 
strength of the ISDT. Generality means that the design is applicable in different contexts for a 
class of problems. “In design theorizing, abstraction can be realized when a researcher derives 
common concepts or ideas from an instance problem by removing details pertaining to the context 
of the instance problem … reflective judgment [is important] where unknown universals for given 
particulars are sought” (p. 7). 
 Solution search: Design is the process of linking desired changes in the world with an artifact’s 
organization and actions. Since this activity is in the abstract domain, the desired changes and 
artifact are imagined. The key thing here is to define the general component of the artifact, the 
general requirements, and the general problem. 
 De-abstraction: The general imagined design in the abstract domain should be tested through 
instantiation in a specific context and problem. This “involves adding details pertaining to a 
specific context in which the solution will be applied, and all the details of the instance solution 
become articulated” (p. 8). Thus, deterministic judgment is important in the de-abstraction 
process. Though the design is instantiated, the activity may be partially imaginary (based on the 
ISDT from the abstract domain) but it could be materialized.  
 Registration: The artifact resulting from de-abstraction should be tried in a specific setting for a 
specific problem. “Registering the theory means trying an instance of the solution against an 
instance of the problem, and adjusting the theory to more exactly correspond to the requirements 
of the instance” (p. 9). Therefore, this adjustment could lead to more abstraction activities. 
3 THE FOUR DSR ABSTRACTION LAYERS FRAMEWORK 
As noted earlier that the DS researchers produce abstract knowledge such as how to conduct DSR, this 
knowledge is at a higher level of generality than normal abstract design knowledge and developed 
arifact in DR, and RD as well. Thus, it was possible to observe the borders of different types of DSR 
abstraction. This observation led authors to an important finding―identification of DSR abstraction 
layers― which is an important contribution to DSR literature. 
It is key realization that motivated conception of the four DSR abstraction layers: (i) Design Research 
(DR) 1st Abstract Layer, (ii) Design Science (DS) 2nd Abstract Layer, (iii) DSR Incubation 3rd Layer, 
and (iv) Routine Design 4th Layer. Figure 5 depicts these abstraction layers and how they are 
interrelated. Note that the order of the layers is relevant only in that it represents the level of 
knowledge generality. Each layer is discussed as following by describing what is in a layer and how it 
is related to other layers. 
Design Research (DR) ―1st Abstract Layer (we start with it because it is the most commonplace and 
perhaps most readily understood)― is within the DR area. In this layer, researchers iteratively develop 
and evaluate a design and maybe its artifact (instantiation), and ISDT (which contains abstract design 
knowledge); which all represent outputs of this layer. This involves the instantiation/de-abstraction 
and theorizing/abstraction processes, respectively. Furthermore, there are patterns between the two 
processes. Researchers can build and evaluate their design and artifact (instantiation), and then 
theorize it to develop abstract knowledge in the form of ISDT. They can also develop the abstract 
knowledge in the form of ISDT and then instantiate it in an artifact, or they can use a combination of 
both. Iteration is existent in all patterns. The patterns in this layer are displayed in Figure 6. Many 
examples can be considered in this layer such (Lee et al. 2008; Pries-Heje & Baskerville 2008). 
Design Science (DS) ―2nd Abstract Layer the second layer in Figure 5― relates to DS abstraction. 
Researchers, who are conducting DR, deductively use DS, which includes an abstract knowledge of: 
how to conduct DR, and DR output types. From conducting DR, some activities maybe abstracted 
through reflective thinking
1
 to refine DSR methodology or concepts including theorizing process. 
Thus, the DR effort can be seen as an instantiation of DS to accomplish a design, an artifact, and 
                                              
1 “Reflection on a design process is thus defined as a combination of reflection on the perceived design situation and 
reflection on the remembered design activities” (Reymen et al. 2006, p. 161). 
ISDT. DR activities appear as a specific implementation of DS and they can be inductively abstracted 
to represent DS contribution; either extensions, or refinements.  
 
Figure 5.       Proposed four DSR abstraction layers. 
The 2
nd
 Abstract Layer is an important part of the proposed framework because it can contribute 
valuable knowledge to DR best practice. Many cases in the literature support and justify the need for 
this layer. Through reflective thinking Kuechler and Vaishnavi (2008b) extend the framework 
proposed in Goldkuhl (2004) based on observations from their own DR experience investigating the 
suboptimal design of business processes. This case is used in the next section to demonstrate the value 
of the four abstraction layers. Another instance, from their work on DR (design of social recommender 
system), Arazy et al. (2010) suggest that there is a need to construct special type of theories called 
applied behavioural theories. This refers to “an explanatory theory that borrows from the generic 
kernel theories and is formulated as a behavioral framework, yet it is informed and constrained by 
design requirements” (pp. 461-462). Thus, Arazy et al. propose a framework to address this need. 
Other examples of DS contributions that emanated from the reflection process can be found in Walls 
et al. (Walls et al. 1992), Markus et al. (2002), and Kuechler and Vaishnavi (2012). These extensions 
of DS resulting from DR efforts have been valuable contributions to the better practice of DSR. There 
are also other instances where the contribution is pure DS without specific DR reflection; such as 
Carlsson (2006), Gregor and Jones (2007), Hevner, et al. (2004), March and Smith (1995), Purao 
(2002). 
DSR Incubation 3rd Layer - once these DR outputs―ISDT, design and artifact (instantiation) ― have 
been completed and communicated to the interested community (regardless of whether or not they are 
the result of any of the patterns described below), they become available for DSR incubation where 
other DSR researchers (and perhaps practitioners) can test, implement, and use the developed ISDT, 
the design, and artifact in other yet similar contexts for the same class of problem or need. ISDT 
confirmation, refinement, or extension inductively represents the feedback from this layer to the DR 
1
st
 Abstract Layer. This part of the DSR process should be widely accepted, as it is common practice 
for social and behavioural science where researchers re-test theories in different contexts. 
Routine Design (RD) 4th Layer -when the ISDT becomes stable and trusted, it can be used by 
practitioners in the real world environment. The development of an instantiation of the developed 
ISDT becomes RD, where the design knowledge is applied and validated, and becomes part of known 
knowledge. Similar to the 3
rd
 layer but not strongly expected, ISDT refinement, or extension could be 
the feedback from this layer to the DR 1
st
 Abstract Layer. 
 
Figure 6.      Patterns of theorizing/abstraction and instantiation/de-abstraction. 
In Design Research (DR) 1
st
 Layer, where DSR output theorizing/abstraction and instantiation/de-
abstraction are located, there are two main possible patterns of activity (see Figure 6). In Pattern A, 
reading from left to right, DR starts from an artifact and moves towards ISDT. In the construction and 
evaluation of a design and an artifact, researchers are allowed to iteratively use all forms of reasoning 
(deduction, induction, and abduction). Researchers may deductively use kernel theories/justification 
knowledge to support their design in both construction and evaluation. Researchers’ creativity also 
plays an important role through the use of abductive reasoning in the construction and, possibly, in 
evaluation as well. Finally, researchers can inductively employ empirical work to accomplish both the 
construction and evaluation of the design and artifact. Build-and-evaluate iterations are located mainly 
on the design and artifact side. 
Once the design and artifact have been completely constructed, researchers in DR begin the 
theorizing/abstraction process to complete their DSR. Based on one instantiation, researcher 
deductively develops ISDT by generalizing the instantiation’s requirements, specifications, 
architecture, and so forth. Accordingly, the ISDT is a generalized representation of one or more 
instances. When one instantiation is mentioned, this may or may not mean that this instantiation has 
been constructed or evaluated in specific contexts for type of problem.  
In Pattern B (Figure 6), reading from right to left, DR starts from ISDT and moves towards design and 
artifact. Researchers here are allowed to use all forms of reasoning for the development and evaluation 
of ISDT. They use kernel theories/justificatory knowledge deductively to support their ISDT in both 
development and evaluation. Researchers’ creativity also plays a significant role through the use of 
abductive reasoning in the development of the ISDT and, perhaps, in evaluation as well. Finally, 
researchers can inductively use empirical work to accomplish both the construction and evaluation of 
the ISDT. Build-and-evaluate iterations mainly occur on the ISDT side but may also be on the design 
and artifact side. 
Clearly, Pattern B is opposite to Pattern A. Once ISDT is completely developed, researchers in DR 
begin the instantiation/de-abstraction process. From the ISDT, an instantiation is deductively 
constructed by specifying the ISDT content into instantiation. However, if design and instantiation do 
not prove that the ISDT works and meets the evaluation criteria, the ISDT should be refined 
inductively. Accordingly, design and instantiation are a specific instance of the generalized ISDT. 
When one instantiation is mentioned, this may or may not mean that this instantiation has been 
constructed or evaluated in specific contexts. 
Now any DS effort such as proposing and constructing DSR methodology and how it is implemented, 
can be explained in terms of DSR abstraction layers and patterns (see Figure 7). The DS focuses on 
how DSR is conducted, which comes under Design Science (DS) 2
nd
 Layer and Pattern B but it does 
not move between design and an artifact, and then develop ISDT. The DS can be viewed as special 
type of DR without specific physical instantiation. So, we use the right half of Pattern B with a slight 
alteration to Figure 7. Here the ISDT is replaced by the DS effort because the DS is similar to ISDT 
which help in the conducting DSR, as described in the following section. DRs follow DS as DSR 
methodology which represent DS’s instantiations. To clarify, the left half of Pattern A is included in 
Figure 7 with minor refinements to represent the DS’s use. The design and an artifact are replaced by 
any DRs. Therefore, the DS effort is used deductively by DR work. This DR may then reflect 
inductively on the contribution of the DS to refine, confirm, or extend. 
 
 Figure 7.      DS pattern as mixed between Pattern A and Pattern B. 
4 DEMONSTRATION OF THE DSR ABSTRACTION LAYERS 
This section demonstrates by case the value of the proposed four abstraction layers in DSR; this way 
of demonstration can be considered as illustrative scenario evaluation method
2
. The selected case is 
‘On theory development in design science research: Anatomy of a research project’ (Kuechler & 
Vaishnavi 2008b). This research aims to enhance Business Process Modeling Notation (BPMNs) by 
making soft context information more salient and incorporated into BPMNs. “Soft context information 
is [their] term for information about the operational context of a system or process” (p. 492). Soft 
context information is “frequently social or organizational information, that is, difficult to capture 
objectively” and serves as the context for decision-making. This, they argued, resulted from failure to 
incorporate soft context information into the final design. 
In addition to describing their final output, this case contains a good elaboration of how the design was 
developed. Furthermore, this case is an example of DS and DR, both of which contribute to the DSR 
paradigm by DSR experts who have published widely in DSR. 
The case is analyzed through the four abstraction layers. Regarding to the first layer―Design 
Research (DR)(1
st
 Abstract Layer in Figure 5)― it exists in the case very clearly. Two artifacts were 
developed: a novel dual-grammar conceptual modeling technique, and a software modeling tool for 
the presentation of the process models. This research went through many phases and iterated many 
times between development and evaluation. The authors brought two theories from outside the IS 
discipline to support their design―Modal Cognition Theory and Multi-Media Comprehension Theory. 
Since the kernel theories are not directly applicable to ISDT, the authors develop a mid-range theory. 
                                              
2 The illustrative scenario evaluation method is defined as the “application of an artifact to a synthetic or real situation aimed 
at illustrating suitability or utility of the artifact” (Peffers et al. 2012, p. 402). 
“The novel information from artifact design and evaluation that [have been] captured and articulated 
forms the basis of a mid-range theory, a theory of GESCM” (p. 492). Reflectively from these two 
artifacts, Kuechler and Vaishnavi abstract discovered and develop “prescriptive design theory [ISDT] 
for a class of artifacts” (p. 499). 
For the Design Science (DS) ―2nd Abstract Layer in Figure 5, it is obvious that Figure 2 in Kuechler 
and Vaishnavi (2008b) is de facto evidence of the DS contribution. The contribution is represented by 
“the text highlighted in gray and the relationships specified by dotted lines” (p. 490) i.e., the graphical 
clarification of the logical relationships between prescription and explanation in the design process. 
They show the role and position of the mid-range theory and propos a new relationship between kernel 
theories and ISDT that may “refine and extend the kernel theory that suggests the novelty in the 
artifact design approach” (p. 499). Furthermore, their Figure 3 in Kuechler and Vaishnavi (2008b) 
shows that the authors use reasoning proposed by Goldkuhl (2004) to extend the design research cycle 
suggested in (Vaishnavi & Kuechler 2004). 
Recently and reflected form their work in (Kuechler & Vaishnavi 2008b), Kuechler and Vaishnavi 
(2012) argue that that structures ISDT do not explicitly describe why and how design knowledge 
works, even though these structures include the element of kernel theory as the logic behind the 
artifact design. Kuechler and Vaishnavi believe that kernel theories operate at such a high level of 
abstraction that their transmission and relationship to design and suggestions for design are hard to 
identify. 
In response, Kuechler and Vaishnavi propose DSR theory development framework (valuable DS 
contribution) that suggests another type of theory (besides ISDT) which they call Design Relevant 
Explanatory/Predictive Theory (DREPT). They argue, it allows for the complete capture of design 
knowledge behind the design artifact. DREPT explains how and why the artifact works as intended 
(that is, it shows how the artifact specifications have specific effects). DREPT “provides a logical step 
that bridges the conceptual distance between kernel theory constructs and artifact features. This 
conceptual distance is a near synonym for the “creative leap” in DSRIS, from theory to artifact” (p. 
498). Thus the DSR theory development framework includes both ISDT and DREPT and the design 
knowledge is fully represented, since each theory captures a different part. 
The second abstraction layer shows the importance of including the DR reflection on DSR which 
results valuable DS contribution. This contribution may be considered as more important than their 
ISDT and artifact themselves. 
For DSR Incubation 3
rd
 Layer in Figure 5, Kuechler and Vaishnavi conclude that their ISDT should be 
tested by researchers including themselves or practitioners to ensure that it works and is useful. This 
means refinement, confirmation, or refuse may result from further testing. 
The outcome of the additional validation indicates that their ISDT becomes known and trusted 
knowledge. Then any design is based on this ISDT can be considered as RD (Routine Design (RD) 4
th
 
Layer in Figure 5). However, this does not mean that RD cannot contribute to the ISDT because some 
deficits may emerge and the refine the original ISDT. This layer is difficult to discover in Kuechler’s 
and Vaishnavi’s case because their ISDT is still in early stage. 
5 CONCLUSION 
This paper demonstrates four abstraction layers in DSR which are based on four basic concepts. It 
represents how these layers are integrated, inter-related, and the relationship between them. The 
delineation of the DSR abstraction layers and patterns in this paper contributes to the DSR paradigm in 
IS by providing researchers with ability to discover, position, and highlight their work and 
contribution. It draws researchers’ attention to think of DSR contribution from different perspectives 
and levels. This will avoid overlooking some valuable contribution as researchers mainly focus on 
producing intended artifact. The first abstraction layer, including its patterns, is recognized in the 
literature. The other layers, however, are less well recognized; and the second layer is novel. This 
integrated presentation of DSR abstraction layers and DSR patterns is also original. Furthermore, these 
four layers highlight areas that researchers can focus on to conduct research. For example, the third 
layer represents a good area to focus on validating design theories in different contexts and then refine 
the original design theory; this practice is common in other research such as social/behavioural 
science. 
For the future work, these four abstraction layers can be used to do archival analysis of DSR efforts 
and map the contributions of DSR publications into these layers. Doing this will show which layer is 
that researchers focus the most and less. 
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